Six groups of Wistar rats were used to demonstrate effects of magnesium deficiencies on thiamine metabolism.
Group I was fed both a thiamine and magnesium deficient diet, Group II a thiamine deficient and magnesium sufficient diet, Group III a thiamine adequate and magnesium deficient diet, Group IV a thiamine adequate and magnesium sufficient diet (control), Group V an excess thiamine and magnesium deficient diet and Group VI an excess thiamine and magnesium sufficient diet. Animals were sacrificed after four weeks and magne sium, thiamine and transketolase activities were determined in various tissues.
Magnesium concentration in blood cells, plasma and bone decreased markedly in the thiamine supplemented-magnesium deficient groups (Group Ill and V) compared to that in the group deficient in both thiamine and magnesium (Group I). This finding suggests that the thiamine deficiency inhibited utilization of magnesium.
Thiamine content of the sciatic nerve, liver and kidney of the magnesium deficient rats were lower than in the magnesium sufficient rats. This suggests that magnesium plays a considerable role in the maintenance of thiamine in tissues. No decrease of thiamine was detected in the central nervous system of magnesium deficient rats. Tissue transketolase activity decreased markedly in thiamine deficient and thiamine-magnesium deficient rats (Group I and II). Addition of thiamine pyrophosphate to tissue homogenates of thiamine deficient rats (Group II) resulted in recovery of transketolase activity, however this pheno menon did not occur when rats were also deficient in magnesium (Group I).
From many biochemical, physiological and clinical investigations, it is a generally accepted view that metabolism of thiamine and magne sium are interdependent.
Evidence is summa rized as follows:
(a) Thiamine dependent enzymes (pyruvate dehydrogenase, a-ketoglutarate dehydrogenase and transketolase) require magnesium (1) (2) (3) .
(b) Thiamine treatment on moribund thia mine-deficient rats resulted in rapid recovery of body weight. In thiamine and magnesium deficient rats however, thiamine treatment failed to have a restoring effect (4).
(c) Chronic alcoholics with manifestations of thiamine deficiency sometimes failed to respond to parenteral injection of thiamine. Magnesium depletion is also common in these patients. Thus there is a possibility that magne sium deficiency interfered with the thiamine response (5, 6).
(d) The activity of transketolase, a thiamine dependent enzyme, was shown to be depressed in magnesium deficiency and the recovery response of this enzyme to thiamine in the thiamine-depleted animal was incomplete in the presence of magnesium deficiency (7) .
(e) Blood serotonin levels increased signifi cantly in the thiamine excess and magnesium deficient rats rather than the both thiamine and magnesium deficient rats (8) .
The inter-relationship between thiamine and magnesium is as yet in the early stages of investigation. The purpose of the present study is to clarify the effect of either excess thiamine or thiamine deficiency in the magnesium defi cient rats.
MATERIALS AND METHODS

Animals and Diets
Male rats of the Wistar strain, weighing 80-110 grams, were housed individually in stain less steel cages with a raised wire bottom. Significant diffe rences were considered based on student's "t" test (14) .
RESULTS
Growth
The effects on growth of either thiamine excess or thiamine deficient rats, with and without magnesium deficiencies are shown on Fig. 1 . In thiamine adequate-magnesium suffi cient and thiamine excess-magnesium sufficient rats (Group IV and VI), good growth was observed, while growth in the thiamine sufficient magnesium deficient groups (Group III and V) was slightly depressed.
Body weights of the thiamine deficient (Group II) and the both thiamine and magnesium deficient (Group I) rats No. IV reached a peak in about 15 days followed by a progressive loss of weight.
Daily intakes of food, magnesium and thia mine in each experimental group are shown in Table 2 .
As described in a previous paper (8), after three weeks on these dietary regimens, rats fed a thiamine containing magnesium deficient diet (Group III and V) developed erythema in the ear and nose as the first manifestation of experimental magnesium deficiency. However, rats that were both thiamine and magnesium deficient showed no such erythema (Group I).
Magnesium
The magnesium concentration of the plasma and femur decreased markedly in magnesium deficient groups and it is noteworthy that the decrease of magnesium was greater in the thiamine sufficient groups than in the thiamine deficient groups. Table 3 shows the magnesium concentration in each organ.
3. Thiamine Table 4 shows the concentration of thiamine in the various organs. The thiamine concentra tion in liver and kidney in the thiamine adequate-magnesium deficient rats (Group III) was lower than that in the magnesium sufficient rats (Group IV). On the other hand, in central nervous tissue, i.e, brain and spinal cord, no decrease was observed in the thiamine content of the magnesium deficient groups. Such a tendency was observed also in the brain, spinal cord, liver and kidney of thiamine deficient groups (Groups I and II) although the difference ITOKAWA ET AL. TABLE 5 Free and total thiamine content and ratio o f free thiamine to total thiamine in brain and liver was less significant.
The ratio of free thiamine to total thiamine in the brain and liver revealed no difference among the groups as shown in Table 5 . 4 . Transketolase Activity Table 6 shows the activity of transketolase and the effect of the addition of thiamine pyro phosphate.
Transketolase activity in red blood (15) reported that the addition of thiamine pyrophosphate to red blood cell hemolysates increased the reduced transketolase activity in malnourished alcoholic patients with a normal liver, but frequently this effect was not seen on transketolase activity in alcoholics with a cirrhotic liver. Of great interest is the fact that this latter condition has a striking similarity with respect to transketolase activity seen in the both thiamine and magnesium deficient rats. Amyotropic lateral sclerosis, a degenerative nerve disease, is prevalent in the Muro district, Wakayama Prefecture of Japan. According to the study of Kimura (16) the mineral contents, i.e. magnesium, manganese and calcium in rivers as well as the drinking water from this area were lower than in other rivers in Japan. Moreover, the mineral content in hair and nails of these patients was lower than that of the normal Japanese.
In addition, he reported many cases cured by the simultaneous admini stration of magnesium and thiamine propyl disulfide, a lipotropic thiamine derivative discov ered by Fujiwara (17) . Thiamine metabolism of these patients with amyotrophic lateral scle rosis has been investigated by our co-workers(1). The results are summarized as follows: blood and urine thiamine levels are low and when 10mg of thiamine was administered to these patients, more than 80% of the dose was excreted in the urine over a 24 hour period. These observations suggest that these patients lost the ability to utilize thiamine. It is postu lated that a thiamine deficiency coupled with a mineral deficiency may be one of the causes of such a disease in the nervous tissues.
Recently studies of Itokawa and Cooper concerning thiamine and nervous tissues has been reported (18) (19) (20) (21) (22) , which suggest that thia mine has a non-coenzymatic function on the nervous system.
Further investigations on the relationship between thiamine and minerals, especially in the nervous systems should further elucidate this problem.
